The program is designed to simulate the response of healthy human subjects performing a standard exercise protocol on a bicycle ergometer. The subject warms up and adjusts to a constant rate of pedaling (50 full pedal turns/min, equivalent to 300 m/min). The experiment begins when a work load of 20 W is applied.
The subject works at this load for 1 min, after which a further 20-W load is added. The work load is increased by increments of 20 Wjmin until the subject is exhausted.
During the experiment heart rate and minute ventilation are monitored continuously, and oxygen consumption is determined by a breath-by-breath analysis of exhaled air. It is also possible to take "finger-prick" blood samples from the subject before, during, and after the period of exercise and analyze these to determine the blood lactate concentration.
THE SIMULATION
The aim of this program is to allow students to gather predicted results from a variety of subjects undertaking graded exercise on a bicycle ergometer and to simulate as closely as possible student tasks associated with this process. Clearly the physiological response will differ from subject to subject and will depend on a number of factors, including sex (male or female), weight, height, age, and level of physical fitness (trained or untrained).
In this program it is possible to define from a menu certain parameters of a subject to be investigated (Fig. 1 while students take measurements of the maximum heart rate at each work load, for example, directly from the monitor. This is made easier by an onscreen cross-hair cursor facility (Fig. 2) . It is also possible to obtain a hard copy of the results if the computer is fitted with a color graphics adaptor (CGA).
The simulated recordings of heart rate, minute ventilation, and oxygen consumption are all presented in much the same way. For the blood lactate investigation the student is presented with the records for the heart rate experiment but is able to simulate taking capillary blood samples from the subject during the experiment by pressing a key on the keyboard.
A preexercise sample is taken automatically, and it is possible to take a further eight samples during the experiment.
It is recommended that the final sample be taken when the subject bance is presented on a screen display that resembles a spectrophotometer (Fig. 3) The model used is stochastic, and in specifying a set of subject parameters the user is effectively taking an individual sample from the population of subjects sharing those parameters. This is an important feature of the model because it enables the teacher using the package to develop the students' appreciation of the importance of statistical techniques in the design and analysis of experiments.
In calculating the rates at which HR, Vo2, and VE increase, the model associates the work the heart does with the rate of increase in VE and Vo,. Although over the duration of the experiment the increase in HR is linear until it reaches HR,,, there is a nonlinear response and an observed adaptation to the increased load ( Fig. 2) at each work load. This feature of the response is modeled as HRL m,/ 7 [(FL/Q + 11, where HR1',,,, is the maximum heart rate that will be achieved at a given work load L, tl, is the time since load L was applied, and FL is an adaptation factor that represents the ease with which the subject's HR responds to the new load. Trained subjects respond and adapt more readily to changes in work load, but for all subjects the ability to respond decreases as the work loads are increased. Thus F, is itself a function of both work load and time.
The results of the model were analyzed (Minitab) and are in good agreement with both the published data for nontrained individuals (6) and the data we collected in studies on highly trained individuals. The results from the model appear to be weakest in predicting the performance of highly trained individuals who are very heavy and either very short or very tall. This is not considered to be a major disadvantage because such individuals rarely train for endurance sports.
STUDENT EVALUATION OF THE COMPUTER SIMULATION
A study of student impressions of the program was carried out at the University of Wolverhampton. A cohort of second-year undergraduate students taken
from three courses (BSc in Biomedical Sciences, BSc in Biological Sciences, and BSc in Applied Science; n = 115) was used. Students were directed, after a brief verbal introduction, to use the program as tutorial support for lectures and to work either alone or in small groups. After the session they were asked to complete a questionnaire consisting of twenty statements (see Table 1 ) covering the design and ease of use of the interface and their views of the usefulness of this approach to conventional learning approaches. Students were asked to respond on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). The results were analyzed and are presented as an "agreement rating" (means t SD) in Table 1 .
Students'
"learning styles" were also assessed (separately and anonymously), and 80% of the students were considered to be passive reflectors, as defined by Honey and Mumford (13).
DISCUSSION
The computer program described offers the possibility of obtaining meaningful physiological data for healthy human subjects performing graded exercise on a bicycle ergometer and may be particularly useful when the equipment or technical expertise required to obtain these data from a human subject is not available. (2, 5) and in one study where parallel approaches were taken with the same cohort of students (8).
It is clear that programs such as this one are able to achieve many of the teaching objectives for all students.
Some students may also prefer this mode of delivery to conventional teaching methods. 
